Copy for the Elected Office (EO/US) 

ATE NT COOPERATION TRE. /Y 



PCT/SE99/02268 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule92bis.1 and 
Administrative Instructions, Section 422) 


To: 

LARSSON, Hakan 
ABB AB 
Patent 

S-721 78 VasterSs 
SUEDE 


Date of mailing (day/month/year) 

2/ beptemDer zUUU (z/.uy.UU) 


Applicant's or agent's file reference 
KN8569WO 


IMPORTANT NOTIFICATION 


International application No. 

PCT/SE99/02268 


International filing date (day/month/year) 

06 December 1333 (06.12.33) 



Name and Address 


State of Nationality 


State of Residence 


ABB AB 
Patent 

Gideonsbergsgatan 2 
S-721 78 VasterSs 
Sweden 






Telephone No. 

+46 21 32 30 00 


Facsimile No. 

+46 21 18 13 86 






Teleprinter No. 



1. The following indications appeared on record concerning: 
| | the applicant | | the inventor 



X the agent | | the common representative 



2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
| | the person 



the name 



the address | | the nationality [ | the residence 



Name and Address 

LARSSON, Hakan 
ABB AB 
Patent 

S-721 78 Vasterls 
Sweden 



State of Nationality 



State of Residence 



Telephone No. 

+46 21 32 30 00 



Facsimile No. 

+46 21 18 13 86 



Teleprinter No. 



3. Further observations, if necessary: 



4. A copy of this notification has been sent to: 
| X | the receiving Office 
| | the International Searching Authority 
| X | the International Preliminary Examining Authority 



| | the designated Offices concerned 
| X | the elected Offices concerned 

□ 



other: 





Authorized officer 




Hie International Bureau of WIPO 




34, chemin des Colombettes 


R. Chrem 




121 1 Geneva 20, Switzerland 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 




Form PCT/IB/306 (March 1994) 




003548543 



C py for the Elected Office (EO/US) PCT/SE99/02268 

ATENT COOPERATION TRL TY 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 

AHmini<5trflti\/P InQtrurtinnc Qortinn AOO\ 

nuiiiiiiiouauvc 1 1 loll UtllUllo, OCJlsLHJll 


To: 

BJERKENS PATENTBYRA KB 
Ostermalmsgatan 58 
S-114 50 Stockholm 
SUEDE 


Date of mailing (day/month/year) 
03 April 2001 (03.04.01) 


Applicant's or agent's file reference 
KN8569WO 


IMPORTANT NOTIFICATION 


International application No. 
PCT/SE99/02268 


International filing date (day/month/year) 

06 December 1999 (06.12.99) 



1. The following indications appeared on record concerning: 

X the applicant the inventor the agent the common representative 


Name and Address 

ABB ATOM AB 
S-721 63 VasterSs 
Sweden 


State of Nationality 
SE 


State of Residence 
SE 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 
I | the person X the name | | the address | | the nationality | | the residence 


Name and Address 

WESTINGHOUSE ATOM AB 
S-721 63 Vasteris 
Sweden 


State of Nationality 
SE 


State of Residence 
SE 


Telephone No. 


Facsimile No. 


Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 

the receiving Office [~| the designated Offices concerned 
| | the International Searching Authority | X| the elected Offices concerned 
| [ the International Preliminary Examining Authority | | other: 



The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 


Authorized officer 

C. Cupello 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 




Form PCT/IB/306 (March 1994) 




003940631 



Copy forth Elected Offic (EO/US) 

ATENT COOPERATION TRL .FY 



PCT/SE99/02268 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF THE RECORDING 
OF A CHANGE 

(PCT Rule 92bis.1 and 
Administrative Instructions, Section 422) 


To: 

BJERKENS PATENTBYRA KB 
Ostermalmsgatan 58 
S-114 50 Stockholm 
SUEDE 


Date of mailing (day/month/year) 
03 April 2001 (03.04.01) 


Applicant's or agent's file reference 
KN8569WO 


IMPORTANT NOTIFICATION 


International application No. 

KUI/Styy/U^bb- 


International filing date (day/month/year) 
06 uecember 1 993 (06. 1 2.93) 



1. The following indications appeared on record concerning: 
| | the applicant | | the inventor X the agent [ | the common representative 


Name and Address 

LARSSON, Hikan 
ABB AB 
Patent 

S-721 78 VasterSs 
Sweden 


State of Nationality 


State of Residence 


Telephone No. 


Facsimile No. 


Teleprinter No. 


2. The International Bureau hereby notifies the applicant that the following change has been recorded concerning: 

X the person X the name X the address | | the nationality [ ] the residence 


Name and Address 

BJERKENS PATENTBYRA KB 
Ostermalmsgatan 58 
S-114 50 Stockholm 
Sweden 


State of Nationality 


State of Residence 


Telephone No. 

+46 8 662 08 70 


Facsimile No. 

+46 8 663 02 60 


Teleprinter No. 


3. Further observations, if necessary: 


4. A copy of this notification has been sent to: 
[~X] the receiving Office the designated Offices concerned 
| [ the International Searching Authority | X| the elected Offices concerned 
| | the International Preliminary Examining Authority | | other: 



The International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 


Authorized officer 

C. Cupello 




Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 




Form PCT/IB/306 (March 1994) 




003940644 



PCT/SE99/02268 



ATENT COOPERATION TFU JY 



From the INTERNATIONAL BUREAU 



PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Assistant Commissioner for Patents 
United States Patent and Trademark 
Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNIS D'AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 

u 4 * oepxernoer zuuu [vh.kj&.vjKj} 




International application No. 
PCT/SE99/02268 


Applicant's or agent's file reference 
KN8569WO 


International filing date (day/month/year) 

06 December 1999 (06.12.99) 


Priority date (day/month/yea r) 


Applicant 

BERNANDER, Orjan et al 



1 . The designated Office is hereby notified of its election made: 

| X | in the demand filed with the International Preliminary Examining Authority on: 
10 July 2000(10.07.00) 

| | in a notice effecting later election filed with the International Bureau on: 



2. The election 




was 
was not 



made before the expiration of 1 9 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WIPO 


Authorized officer 


34, chemin des Colombettes 


Charlotte ENGER 


121 1 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/1B/331 (July 1992) 



SE9902268 



r 



PATENT COOPERATION TREWr 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



*M 15 DEC 

W/dq 



2000 

Per 





(PCT Article 36 and Rule 70) 


J 


Applicant's or agent's file reference 
KN 8569 WO 


FOR FURTHER ACTION ^ Notification of Transmittal of ^temational 

Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 


International filing date (day/ month/year) 


Priority date (day/month/year) 


PCT/SE99/02268 


06.12.1999 


23. 12. 1998 


International Patent Classification (IPC) or national classification and IPC7 




G 21 C 7/113 






Applicant 






ABB Atom AB et al 







1 . This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



sheets, including this cover sheet 



I 1 This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 

been amended and are the basis for this report and/or sheets containing rectifications made before this Authority 

(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT). 



These annexes consist of a total of 



sheets. 



3. This report contains indications relating to the following items: 
Basis of the report 



I 


IE! 


n 


□ 


m 


□ 


IV 


□ 


V 


El 


VI 


□ 


vu 


□ 


vm 


□ 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 



Date of submission of the demand 
10. 07.2000 


Date of completion of this report 
21.11.2000 


Name and mailing address of the LPEA/SE 
Patent- och registreringsverket Telex 
Box 5055 17978 
S-102 4 2 STOCKHOLM PATOREG-S 

Facsimile No. 08-667 72 88 


Authorized officer 

Tomas Lund/ELY 
Telephone No. 08-782 25 00 



Form PCT/IPEA/409 (cover sheet) (January 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



I mtei 
I PC 1 ] 



iternational application N 
PCT/SE99/02268 



I. Basis of the report 



1. With regard to the elements f the internati nal application:* 
the international application as originally filed 

| | the description: 

pages 

pages 

pages . 

| | the claims: 

pages 

pages 

pages _ 



, as originally filed 
, filed with the demand 



, filed with the letter of 



, as originally filed 

, as amended (together with any statement) under article 19 

, filed with the demand 



pages 



, filed with the letter of 



1 | the drawings: 

pages 

pages 

pages 



, as originally filed 
, filed with the demand 



, filed with the letter of 



1 1 the sequence listing part of the description: 

pages 

pages . 

pages . 



, as originally filed 
, filed with the demand 



, filed with the letter of 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the language in which 
the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language english wnicn l5 - 

Q the language of a translation furnished for the purposes of international search (under Rule 23. 1 (b)). 
the language of publication of the international application (under Rule 48.3(b)) 



□ the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
or 55.3V 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 
| [ contained in the international application in written form. 
[ | filed together with the international application in computer readable form. 
[ | furnished subsequently to this Authority in written form. 
[ [ furnished subsequently to this Authority in computer readable form. 

| — I The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

ffij^ readable form is identical to the written sequence listing has 

I — I been furnished. 

4 * 1 I The amendments have resulted in the cancellation of: 
1 1 the description, pages 

□ 



the claims, Nos. 



| | the drawings, sheet/fig 



□ This report has been established as if (some of) the amendments had not been made, since they have been considered to go 
beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)).** 

* Replacement sheets which have been furnished to the receiving Office in response to an invitation i under Article 14 are referred to 
in this report as "originally filed" and are annexed to this report since they do not contain amendments (Rules 70. JO 
and 70. 17). 

** Any replacement sheet containing such amendments must be referred to under item I and annexed to this report. 



Form PCT/IPEA/409 (Box I) (January 1998) 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 



International application No. 
PCT/SE99/02268 



V. Reas ned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1 . Statement 

Novelty (N) Claims 1-12 YES 

Claims NO 

Inventive step (IS) Claims 1-12 YES 

Claims NO 

Industrial applicability (IA) Claims 1-12 YES 

Claims NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a control rod for boiling 
water reactors. The control rod comprises four absorber 
blades, which form an orthogonal cross with a cruciform 
centre. The capacity of the absorber blades to absorb neutrons 
is lower in the upper part of the control rod than in the 
lower part. At the upper part of the control rod the absorber 
blades comprise a radially inner part that lacks absorber 
material and a radially outer part that is provided with 
absorber material . 

The object of the claimed invention is to achieve a control 
rod for a nuclear reactor which reduces the risk of fuel 
failure, especially on the fuel rods near the cruciform 
centre, when the control rod is extracted from the reactor 
core . 

CH, A5, 665 046, cited in the International Search Report, 
discloses a control rod comprising four absorber blades, which 
form an orthogonal cross with a cruciform centre. The absorber 
blades comprise a radially inner part that lacks absorber 
material and a radially outer part that is provided with 
absorber material (see figure 2). However, the absorber 
material is evenly distributed on the longitudinal direction 
of the absorber blades, whereas in the claimed invention the 
quantity of absorber material is lower in the upper part of 
the absorber blades of the control rod. 

Therefore, the claimed invention is novel, it is not regarded 
obvious to a person skilled in the art and there will be no 
doubts about its usefulness. Therefore, the stipulated 
criteria regarding novelty, inventive step and industrial 
applicability under PCT Article 33 (1) are fulfilled for the 
claimed invention . 



Form PCT/IPEA/409 (Box V) (January 1998) 



^Ltent cooperation treat4^ 

PCT 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
KN 8569 WO 


irnu virQTnrn a<~tion See Notification of Transmittal of International 

FOR FURTHER ACTION Preliminary Examination Report (Form PCT/IPEA/416) 


International application No. 
PCT/SE99/02268 


International filing date (day/month/year) 
06.12.1999 


Priority date (dqy/month/year) 
23.12.1998 


International Patent Classification (IPC) or national classification and IPC7 
G 21 C 7/113 


Applicant 

ABB Atom AB et al 



1 . This international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 



2. This REPORT consists of a total of 



sheets, including this cover sheet 



□ This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authonty 
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT)* 



These annexes consist of a total of 



sheets. 



This report contains indications relating to the following items: 
Basis of the report 
Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
Lack of unity of invention 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 
Certain defects in the international application 
Certain observations on the international application 



I 




n 


□ 


ra 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Date of submission of the demand 
10.07.2000 



Date of completion of this report 
21. 11.2000 



Name and mailing address of the IPEA/SE 
Patent- och registreringsverket 
Box 5055 

S-102 42 STOCKHOLM 

Facsimile No. 08-667 72 88 



Telex 
17978 
PATOREG-S 



Authorized officer 

Tomas Lund/ELY 
Telephone No. 08-782 25 00 



Form PCT/IPEA/409 (cover sheet) (January 1998) 



INTERNATIONAL PRE] 



Y EXAMINATION REPORT 



Intei^^Bi&l application No. 
PCT/SE99/02268 



I. Basis of the report 



. With regard to the lements of the international application:* 
~~] the international application as originally filed 

1 | the description: 

pages . 

pages 

pages 

| | the claims: 

pages . , 



, as originally filed 



, filed with the demand 



, filed with the letter of 



, as originally filed 



, as amended (together with any statement) under article 19 

, filed with the demand 



pages 



, filed with the letter of 



1 | the drawings: 

pages 

pages 

pages 



, as originally tiled 



, filed with the demand 



, filed with the letter of 



pofiw 

\ I the sequence listing part of the description: 



, as originally filed 



pages 
pages 



, filed with the demand 



, filed with the letter of 



pages 

2 With regard to the language, all the elements marked above wen, availaHe or furnished to this Authority in the language in which 
the inter^lional application was filed, unless otherwise indicated under this item. . which is' 

SeSSSwtre available or furnished to this Authority in the following language _en glxsh whldl 1S " 

[_) the language of a translation furnished for the purposes of international search (under Rule 23.10>)). 

the language of publication of the international application (under Rule 48.3(b)). 
Pj the language of the translation furnished for the purposes of international preliminary examination (under Rules 55.2 and/ 
I — I or 55.3V 

3 With resard to any nucleotide and/or amino acid sequence disclosed in the international application, the international 
preliminary examination was carried out on the basis of the sequence listing: 
j | contained in the international application in written form. 
[ — [ flied together with the international application in computer readable form. 
| [ furnished subsequently to this Authority in written form. 
I — I furnished subsequently to this Authority in computer readable form. 

H The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

I — I been furnished 
4 | | Th e amendments have resulted in mc cancellationof: 

| | the description, pages _____ 

| | the claims, Nos. 

[ | the drawings, sheet/fig 

I — i -phis report has been established as if (some of) the amendments had not been made, since they have been considered t go 
5- 1 1 beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2 (c)). 

• Replacement sheets which have been furnished to the receiving Office in response to an invitation < under Article 14 are referred to 
^^repZtal "originally filed" and are annexed to this report since they do not contain amendments (Rules 70. 16 
and 70.17). 

"Any replacement sheet containing such amendments must be refer red to under item 1 and annexed to this report. 
Form PCT/IPEA/409 (Box I) (January 1998) 



INTERNATIONAL PRE] 



LUv^^R 



Y EXAMINATION REPORT 



In^^^jonal application No. 
PCT./SE99/02268 



V. Reasoned statement under Article 35(2) with regard to n velty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1. Statement 

Novelty (N) 



Inventive step (IS) 



Industrial applicability (IA) 



Claims 
Claims 

Claims 
Claims 

Claims 
Claims 



1-12 



1 - 1 2 



1-12 



YES 
NO 

YES 
NO 

YES 
NO 



2. Citations and explanations (Rule 70.7) 

The claimed invention relates to a control rod for boiling 
water reactors. The control rod comprises four absorber 
blades, which form an orthogonal cross with a cruciform 
centre . The . capacity of the absorber blades to absorb neutrons 
is lower in the upper part of the control rod than in the 
lower part. At the upper part of the control rod the absorber 
blades comprise a radially inner part that lacks absorber 
material and a radially outer part that is provided with 
absorber material. 

The object of the claimed invention is to achieve a control 
rod for a nuclear reactor which reduces the risk of fuel 
failure, especially on the fuel rods near the cruciform 
centre,' when the control rod is extracted from the reactor 
core . 

CH A5, 665 046, cited in the International Search Report, 
disclos'es a control rod comprising four absorber blades, which 
form an orthogonal cross with a cruciform centre. The absorber 
blades comprise a radially inner part that lacks absorber 
material and a radially outer part that is provided with 
absorber material (see figure 2) . However, the absorber 
material is evenly distributed on the longitudinal direction 
of- -the— ab.s.oxber_ blad es, whereas in the claimed invention the 
quantity of absorber material is lower in the upper part of 
the absorber blades of the control rod. 

Therefore, the claimed invention is novel, it is not regarded 
obvious to a person skilled in the art and there will be no 
doubts about its usefulness. Therefore, the stipulated 
criteria regarding novelty, inventive step and industrial 
applicability under PCT Article 33 (1) are fulfilled for the 
claimed invention. 



Form PCT/IPEA/409 (Box V) (January 1998) 



The demand must be filed directly with th^^ipetent International Preliminary Examining Authorit^or^^" ^ two or more Authorities are competent, 
with the one chosen by the applicant The full name or two-letter code of that Authority may be indicated by the applicant on the line below: 

IPEA/SE 



PCT 

DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 



CHAPTER II 



Identification of IPEA 


Date of receipt of DEMAND 


Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant* s or agent's file reference 
KN 8569 WO 


International application No. 
PCT/SE99/02268 


International filing date (day/month/year) 
06 December 1999 (06.12.99) 


(Earliest) Priority date (day/month/year) 
23 December 1998(23.12.98) 


Title of invention 

Control rod 


Box No. II APPLICANTS) 


Name and address: (Family name followed by given name; for a legal entity, fiiU official designation 
The address must include postal code and name of country.) 

ABB Atom AB 
SE-721 63 Vasteris 
Sweden 


Telephone No.: 

+46 21 34 70 00 


Facsimile No.: 

+46 21 18 94 71 


Teleprinter No.: 



State (that is, country) of nationality: 
SE 



State (that is, country) of residence; 
SE 



Name and address: (Family name followed by given name: forxt legal entity, fiill official designation. The address must include postal code and name of country.) 



BERNANDER, Orjan 
Eldstensgatan 6 
SE-723 53 VasterAs 
Sweden 



State (that is, country) of nationality: 


State (that is, country) of residence: 


SE 


SE 



Name and address: (Family name followed by given name; for a legal entity, fitll official designation. The address must 'include 'postal I code and name > oj ^country.) 



HELMERSSON, Sture 
Strandvagen 2 
SE-730 40 Kolback 
Sweden 



State (that is, country) of nationality: 
SE 



State (that is, country) of residence: 
SE 



[ | Further applicants are indicated on a continuation sheet. 



Form PCT/TPEA/401 (first sheet) (July 1998; reprint January* 2000) 



See Notes to the demand form 



Sheet No. 2 . 



International application No. 

PCT/SE99/02268 



Box No. Ill AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is ^x] agent | | common representative 

anc I | X| has been appointed earlier and represents the applicant(s) also for international preliminary examination. 
| | is hereby appointed and any earlier appointment of (an) agent(s)/common representative is hereby revoked. 

I I is hereby appointed, specifically for the procedure before the International Preliminary Examining Authority, in addition to 
the agent(s)/common representative appointed earlier. 



Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country.) 



LARSSON,H&kan; TARKPEA, Pia 

ABB AB 

Patent 

SE-721 78 VasterSs 
Sweden 



Telephone No.: 

+46 21 32 30 00 



Facsimile No.: 

+46 21 18 13 86 



Teleprinter No.: 



□ Address for correspondence: Mark this check-box where no agent or common representative i 
space above is used instead to indicate a special addr ess to which correspondence should be sent. 



is/has been appointed and the 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

1 . The applicant wishes the international preliminary examination to start on the basis of: 
| X | the international application as originally filed 



the description 


□□ 


as originally filed 
as amended under 


the claims 


□□□ 


as originally filed 
as amended under 
as amended under 


the drawings 


□□ 


as originally filed 
as amended under 


2. | | The applicant wishes any amendment 



\~\ The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 
from the priority date unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69.1(d)). (This check- 
box may be marked only where the time limit under Article 19 has not yet expired.) 

Where no check-box is marked, international preliminary examination will start on the basis of the international application 
as originally filed or, where a copy of amendments to the claims under Article 1 9 and/or amendments of the international application 
under Article 34 are received by the International Preliminary Examining Authority before it has begun to draw up a written ophion 
or the international preliminary examination report, as so amended. 



La ngu a ge-f or-th c puirosesjonntexn^tiojia 1 preliminary examin a tion : E figl i.Sh 

| | which is the language in which the international application was filed. 

| x | which is the language of a translation furnished for the purposes of international search. 

| | which is the language of publication of the international application. 

| | which is the language of the translation (to be) furnished for the purposes of international preliminary examination. 



Box No. V ELECTION OF STATES 



The applicant hereby elects all eligible States (that is, all States which have been designated and which are bound by Chapter II of 
the PCT) 

excluding the following States which the applicant wishes not to elect: 



Form PCT/TPEA/401 (second sheet) (July 1998; reprint January 2000) 



See Notes to the demand form 



Sheet No. * , 



International application No. 

PCT/SE99/02268 



Box No. VI CHECKLIST 


The demand is accompanied by the following elements, in the language referred to in 
Box No. IV, for the purposes of international preliminary examination: 


For International Preliminary 
Examining Authority use only 

received not received 


1 . translation of international application 


sheets 


□ 


□ 


2. amendments under Article 34 


sheets ' 


□ 


□ 


3. copy (or, where required, translation) of 
amendments under Article 19 


sheets 


□ 


□ 


4. copy (or, where required, translation) of 
statement unoer /\rucie 1? 


sheets 


□ 


□ 


5. letter ■ 


sheets 


□ 


□ 


6. other (specify) : 


sheets 


□ 


□ 


The demand is also accompanied by the item(s) marked below: 








1 . | X | fee calculation sheet 


4. | | statement explaining lack of signature 




2. | | separate signed power of attorney 

3. r^~| copy of general power of attorney; 

1 ' reference number, if any: GF3360/99 
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STYRSTAV 
TEKNISKT OMRADE 

5 Foreliggande uppfinning avser en styrstav for en kokarvatten- 
reaktor innef attande fyra absorbatorblad som bildar ett 
ratvinkligt kors . Absorbatorbladen innehAller i langdrikt- 
ningen fordelat absorbatormaterial , varvid ett medelvarde av 
mangden absorbatormaterial per . langdenhet av styrstaven ar 
10 mindre i styrstavens ovre del an i dess nedre del. 

TEKNIKENS STANDPUNKT - 

En hard i en kokarvattenreaktor inneh&ller normalt flera- 
15 hundra brans lepatr oner . Dessa ar anordnade vertikalt i harden 
och har ett Atminstone i huvudsak kvadratiskt tvarsnitt. 
Varje branslepatron innef attar ett knippe av brans les tavar . I 
kokarvattenreaktorer anvands ofta brans leknippen som 
innehiller 8x8, 9x9 eller 10x10 brans les tavar . Ett 
20 bransleknippe omsluts av ett holjeror. Holjeroret ar oppet i 
b&da andar s& att reaktorns kylmedel kan stroma genom 
brans leknippet . Harden ar nedsankt i vatten vilket tjanstgor 
b3.de som kylmedel och som neutronmoderator . Varje branslestav 
inneh&ller ett stort antal branslekutsar staplade ovanpA 
2 5 varandra i ett kapslingsror . 

En karnreaktor innef at tar ocksA ett flertal styrs tavar vars 

primara uppgift ar att starta, reglera och stanga av 

ef f ektgenereringen genom att de fors in i och ut ur reaktor- 

30 harden. I kokarvattenreaktorn fors styrstavarna in i harden 
underifrAn. Med hjalp av ett drivdon kan styrstaven 
manovreras i olika lagen mellan helt utdragen och helt inford 
i harden. Vissa av styrstavarna ar under drift utdragna ur 
harden, medan andra ar inforda till olika nivAer . Dessa 

35 niv&er varierar under reaktorns driftcykel. I 

kokarvattenreaktorn ar styrstavarna uppbyggda av fyra 
vertikalt anordnade avl&nga absorbatorblad, som tillsammans 
bildar ett ratvinkligt kors. Absorbatorbladen ar i allmanhet 
av rostfritt st&l och forsedda med ett stort antal borrade 
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h&l eller ror fyllda med ett neutronabsorberande material, t 
ex borkarbid (B4C) eller hafnium. Absorbatormaterialet ar 
vanligtvis likf ormigt fordelat i bide axiell.och radiell led 
i absorbatorbladen. Styrstavarnas aktiva l&ngd, d v s langden 
5 av den del av styrstaven som inneh&ller absorbatormaterialet, 
motsvarar reaktorhardens aktiva hojd nar styrstavarna ar 
fullt inskjutna i harden. 

Brans lepatronerna ar anordnade i ett regelbundet gitter, dar 
10 var je - brans lepatr on ing&r i tv& mot varandra vinkelrata rader 
av brans lepatroner . Styrstavarna ar normal t anordnade med 
vart och ett av sina absorbatorblad mellan tva i s anuria rad 
belagna brans lepatroner , s& att varje styrstav tillsammans 
med fyra omkring dess blad anordnade brans lepatroner bildar 
15 en enhet. 

Styrstavarna i reaktorn ar vanligen uppdelade i tvd grupper 
med olika uppgifter. Den ena gruppen av styrstavar ar under 
normal drift helt utdragna ur harden och anvands endast for 

2 0 att stoppa och starta reaktorn. Den andra gruppen anvands for 

reglering av reaktoref f ekten och for utbranningskompensation 
under normal reaktordrif t . Styrstavarna i den andra gruppen 
kommer i f ortsattningen att benamnas reglerstavar . Dessa 
reglerstavar utgor vanligen mindre an 10% av alia styrstavar. 
25 I borjan av en driftcykel ar reglerstavarna inskjutna. Med en 
driftcykel avses tiden mellan tvci branslebyten . For att 
kompensera for brans lets utbranning dras reglerstavarna 
successivt ut under driftcykeln. Andringen av reglerstavarnas 
lagen sker med vissa tidsintervall , t ex en gAng per vecka. 

3 0 Andringen kan t ex best£ i att reglerstavarna dras ut ca 8% 

av sin langd. 

Idag anvands konventionella styrstavar, med absorbator- 
materialet likf ormigt fordelat i absorbatorbladen, i b£da 
3 5 styrstavsgrupperna. Under den tid reglerstavarna ar inskjutna 
skyddas de branslekutsar som befinner sig intill absorbator- 
bladen fr&n utbranning av fissilt material. Detta leder till 
att vid varje tillfalle som reglerstaven dras ut en bit 
frilaggs branslekutsar som inneh&ller hoga halter av fissilt 
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material, varvid en avsevard eff ekthojning ager rum idessa 
branslekutsar . Denna lokala eff ekthojning sker mycket snabbt . 
Setdana p&kanningar kan i vissa fall orsaka brans leskador.,. s k 
PCI-skador (PCI = pellet-clad interaction) ,._p& kapslingsroret 
5 som omger branslekutsarna.. De brans les tavar som bef inner sig 
narmast reglerstavens korscentrum ar sarskilt utsatta for 
s&dana pAkanningar och loper darmed storst risk for 
brans leskador . Orsaken till detta ar att dessa bransles tavar 
skyddas mot utbranning av fissilt material .av. tvS absorbator- 
10 blad. : ■ - ~ 

FrAn den amerikanska patentansokan nr 3 67 099 ar en styrstav 
kand som i sin ovre del ar anordnad med en mindre andel 
absorbatormaterial per langdenhet an styrstaven i ovrigt. Pet 
15 s& vis hinner en del av det fissila materialet brannas ut 

under den tid som styrstaven ar helt inskjuten i harden och 
eff ektokningen blir inte lika stor nar reglerstaven dras ut . 
En minskad ef fektokning nar reglerstaven dras ut cistadkoms 
genom att ett stort antal borrade kanaler anordnas vinkelratt 

2 0 mot styrstavens langdriktning och fylls med ett 

neutronabsorberande material, varvid kanalerna i styrstavens 
ovre del har en relativt mindre radie, varvid respektive 
kanals langd ar vasentligt storre an dess radie, medan de 
ovriga kanalerna har en relativt storre radie. 

25 

En nackdel med denna styrstav ar att den erhcillna minskningen 
av eff ektokningen nar styrstaven dras ut inte ar tillrackligt 
stor for att eliminera risken for brans leskador pci de mest 
utsatta brans les tavarna, d v s branslestavarna som befinner 

3 0 sig narmast styrstavens korscentrum. 

En annan nackdel ar att livslangden blir kortare for ovan 
namnda styrstav an for konventionella styrstavar, Livslangden 
for absorbatormaterialet, och darmed styrstavens livslangd, 
35 beror av mangden absorbatormaterial per ytenhet. For en 

cylinderf ormad kanal vars langd ar vasentligt storre an dess 
radie galler att livslangden for absorbatormaterialet 
huvudsakligen pAverkas av dess radie. En minskning av 
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kanalernas diameter- leder till motsvarande minskning av livs- 
langden hos styrstaven. 

FrAn den amerikanska patentansokan nr 659 43 6 ar det kant att 
5 anordna mindre mangd absorbatormaterial ; i . den del av 
absorbatorbladen som stracker sig utef ter de narmast 
korscentrum belagna brans lestavarna . Bladen ar i sin yttre 
del forsedda med ett stort antal, med .absorbatormaterial 
fyllda, kanaler som stracker sig vinkelratt .. mot styrstavens 

10 langdriktning . I en utf oringsf orm saknar den del av 

absorbatorbladen som ar belagen innanfor de fyllda kanalerna 
absorbatormaterial. Styrstaven ar f6rsedd med ursparingar, 
vilka stracker sig over den narmast korscentrum belagna 
branslestaven . Dessa ursparingar ar moderator fyllda s& att 

15 konsumtionen av fissilt material i narbelagna branslestavar 
okar. Genom att anordna absorbatormaterialet pd detta satt 
mojliggors att langden pA en driftscykel for en reaktor kan 
f orlangas avsevart . 

2 0 Nackdelen med att anvanda en s&dan styrstav som reglerstav ar 

att risken for bransleskador visserligen har minskats for de 
mest utsatta brans lestavarna, d v s de narmast korscentrum, 
men risken for bransleskador p& ovriga branslestavar ar 
oforandrad jamfort med risken for bransleskador vid 
25 anvandande av konventionella styrstavar. 

SAMMANFATTNING AV UPPFINNINGEN 

AndamAlet med uppfinningen ar att Astadkomma en styrstav for 

3 0 en karnreaktor som ger en minskad risk for bransleskador nar 

den f rein ett inf 6rt lage under- en r langre tid i successiva 
steg dras ut ur reaktorharden . 

Vad som kannetecknar en styrstav enligt uppfinningen framg&r 
35 av bifogade patentkrav. 

En styrstav enligt uppfinningen har absorbatorblad, som 
bildar ett ratvinkligt kors med ett centralt korscentrum, och 
vars form&ga att absorbera neutroner varierar bade axiellt 



j. A ^GT/SE99/02268 
" ; 5 06-12-1999 

och radiellt. Absorbatorbladens fdrm&ga att absorbera 
neutroner ar lagre i dess ovre del an i dess nedre del. I 
absorbatorbladens ovre del ar neutronabsorptionsf orm&gan . 
hogre i dess yttre del an i dess inre del som gransar till 
5 korscentrumet . Styrstaven enligt uppf inningen leder till att 
ef f ektsankningen for branslekutsar belagna intill den ovre 
delen av styrstaven blir mindre, relativt branslekutsar som 
ej kontrolleras med avseende pi klyvningshastighet med hjalp 
av styrstavar. Speciellt de branslekutsar som ar belagna 

10 narmast styrstavens korscentrum fAr en mindre ef f ektsankning 
an de branslekutar som ej kontrolleras med hjalp av.. 
styrstavar. Nar styrstaven dras ut en bit, och . , 

branslekutsarna som skyddats av styrstavens ovre del 
frilaggs, blir ef f ektokningen i dessa branslekutsar mindre &n 

15 for tidigare kanda styrstavar, p g a att branslekutsarna 
redan ar utbranda till en viss del. 



En fordel med en styrstav enligt uppfinningen ar att risken 
for bransleskador pS kapslingsroret i samband med att 
20 styrstaven dras ut minskas . En annan fordel ar att. 

utnyttjandet av branslet blir effektivare. Ytterligare en 
fordel ar att langre livslangd for styrstavarna mojliggors. 

I en styrstav enligt uppfinningen innef attar vart och ett av 
25 absorbatorbladen en ovre och en nedre del, varvid medelvardet 
av innehcillet av absorbatormaterial per langdenhet av 
styrstaven ar mindre i styrstavens ovre del an i dess nedre 
del. Den ovre delen innef attar en yttre del forsedd med 
absorbatormaterial och en inre del som saknar absorbator- 
3 0 material och som ar anordnad radiellt innanfor den yttre 
delen. - -;^tr^- 

For att uppnA f ordelarna med uppfinningen bor Atminstone 
n£got parti av namnda inre del utgora minst en f jardedel av 
3 5 absorbatorbladets bredd i radiell led. I en speciellt 

fordelaktig utf oringsf orm bor Atminstone n&got parti av 
namnda inre del utgora minst en tredjedel av 
absorbatorbladets bredd i radiell ledd. Arean, i ett snitt 
tvars styrstavens langdriktning, av namnda inre del bor vara 
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minst 2 5% av den ovre delens area. I en speciellt fordelaktig 
utf oringsf orm bor arean, i ett snitt tvars .styrstavens 
langdriktning, av namnda inre del vara minst 3 0% av den ovre 
delens area. Den ovre delens langd bor inte overs t iga eri 
5 tredjedel av absorbatorbladets totala langd. 

I en foredragen utf oringsf orm av uppfinningen anordnas 
ursparingar i form av genomg4ende h&l i de inre centrala 
delarna av styrstavens ovre del . Detta medf or att mer 
10 neutronmoderator tillfors styrstavens ovre centrala del 

vilket ytterligare okar utbranningen av f issilt material i 
brans 1 est avarna som ar anordnade narmast styrstavens 
korscentrum. 

15 FIGURBESKRIVNING 

Figur 1 visar i ett horisontellt snitt en liten del av en 
reaktorhard for en kokarvattenreaktor , narmare bestamt ett 
tvar snitt genom fyra brans lepatroner med en central t mellan 
2 0 dessa placerad styrstav. 

Figur 2a - 2d visar i vertikala snitt olika utf oringsf ormer 
av en styrstav enligt uppfinningen. 

2 5 BESKRIVNING AV UTFORINGSFORMER 

Figur 1 visar ett horisontellt snitt genom fyra bransle- 
patroner 1 med en tillhorande styrstav 2 placerad mellan 
dessa. Snittet ar lagt genom styrstavens 2 ovre del. Varje 
30 branslepatron 1 innefattar 10x10 branslestavar 3. 

Brans lestavarna 3 ar inneslutnai ett h61jeror 4 med ett 
kvadratiskt tvarsnitt. Varje branslestav 3 innefattar ett 
antal branslekutsar av urandioxid staplade p& varandra och 
inkapslade i ett kapslingsror . Utrymmena mellan bransle- 

3 5 stavarna 3 i brans lepatronen 1 genomstrommas av vatten som 

utgor bide kylmedel och moderator. Mellan brans lepatronerna 1 
bildas spalter 5a och 5b vilka genomstrommas av vatten. 
Styrstaven 2 ar inford i spalterna 5a och 5b och har fyra 
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absorbatorblad 6,7,8,9 som bildar ett ratvinkligt kors . 
Styrstavens korscentrum ar betecknat 10. 

Figur 2a visar ett vertikalt snitt genom en styrstav 2 enligt 
5 uppf irmingen; Styrstaven 2 ar i huvudsak utford av rostfritt 
st&l och innef attar . en j absorbatordel 11", som ar uppburen av 
en vertikal kopplingsst&ng 12 . " Styrstaven 2 innef attar en 
ovre del* 15 och en nedre del 16. Den ovre delens langd utgor 
hogst en tredjedel av absorbatordelens 11 totala langd. TvA 

10 av de fyra absorbatorbladen 6 och 8 ar synliga i figur 2a . 

Vart och ett av absorbatorbladen 6 , 8 ar forsett med .ett stort 
antal borrade kanaler 13,14 som stracker sig vinkeiratt mot 
styrstavens 2 langdriktning, fr&n absorbatorbladets 6,8 yttre 
kant och in mot korscentrum 10. Vardera kanalen 13, 14 ..ar. 

15 fylld med ett absorbatormaterial , t ex naturlig eller anrikad 
borkarbid och/eller metalliskt hafnium, gadolinium eller 
erbium, och ar ut&t hermetiskt tillsluten genom t ex 
svetsning. Dessa kanaler benamns i f ortsattningen 
absorbatorkanaler . Absorbatorkanalerna 13 som ar anordnade i 

2 0 absorbatorbladens ovre del 15 ar vasentligt kortare an 

absorbatorkanalerna 14 som ar anordnade i absorbatorbladens 
nedre del 16. Absorbatorkanalerna 13 ar anordnade i en yttre 
del, anordnad radiellt utanfor en inre del, av 
absorbatorbladets ovre del 15. Absorbatorkanalerna 13 har 
25 vardera en langd som ar Atminstone 3 0% kortare an langden hos 
en av absorbatorkanalerna 14 i den nedre delen 16 . 

Absorbatorkanalerna 13,14, i den ovre delen 15 respektive i 
den nedre delen 16 av absorbatorbladen, ar f oretradesvis 

3 0 cirkularcylindriska till sin form och har alia samma diameter 

d. For att erhilla maximal livs langd bor absorbatorkanalernas 
13,14 diameter d vara den storsta mojliga med hansyn tagen 
till absorbatorbladens godstj ocklek . Livslangden for 
absorbatormaterialet beror av mangden absorbatormaterial per 
35 ytenhet, beskrivet under teknikens stAndpunkt. Daremot ger en 
halvering av absorbatorkanalens langd med en bibeh&llen 
diameter d endast en marginell pSverkan pA livslangden. Pk s& 
satt bibeh^lls styrstavens livslangd trots att andelen 
absorbatormaterial minskas i dess ovre del . 
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Den del ay absorbatorbladet som ar belagen innanfor 
absorbatorkanalerna 13,14 ar forsedd med ursparingar 17,18 i 
form av genomg&ende h&l . I styrstavens ovre del 15 ar 
5 ursparingarna 17 vasentligt bredare i radiell led an 

ursparingarna 18 i styrstavens nedre del 16. Alia ursparingar 
har sanuna utstrackning i axiell riktning. Det ar deras 
respektive radiella utstrackning som varierar. Ursparingarna 
17 i den ovre delen 15 ar lika stora. Nar styrstaven 2 ar 

10 inford i harden ar ursparingarna 17,18 moderatorfyllda, 
varvid utbranningen, p g a den goda modereringen, okar 
ytterligare for branslekutsarna som star pa tur att 
blottlaggas vid nasta tillfalle som styrstaven 2 ska dras ut 
en bit. For styrning av styrstaven 2 i de relativt smala 

15 spalterna 5a, 5b mellan brans lepatronerna . 1 ar den upptill 
forsedd med styrdynor 19 i form av ut&t fr&n bladet sig 
strackande bulor. Dessutom ar styrstaven 2 forsedd med ett 
handtag 2 0 for hantering av styrstaven vid inmontering och 
utbyte . 

20 

Det enda som skiljer styrstaven 2 i figur 2b fr&n den i figur 
2a ar att i den nedre delen 16, i narheten av kopplings- 
st&ngen 12, ar en ursparing 21 anordnad som ar vasentligt 
bredare i radiell led an de ovriga ursparingarna 18 i den 

25 nedre delen 16 och absorbatorkanalerna 14 som gjorts 

motsvarande kortare . En fordel med denna utf oringsf orm ar att 
en viss okad utbranning av brans lestavarna 3 narmast 
styrstavens 2 korscentrum 10 uppn&s s& lange styrstaven 2 ar 
helt inford. En annan fordel med denna utf oringsf orm ar att 

3 0 behovet av reaktivitetskontroll i omr&det kring ursparingen 

21 minskar eftersom harden oftast har en mantel j on, d v s ett 
omride med lAganrikat uran, i botten. Ytterligare en fordel 
med denna utf oringsf orm ar att den inbesparade vikten hos 
styrstaven 2 kan anvandas till att placera mer 

3 5 absorbatormaterial i en del av styrstaven 2 dar det battre 

kommer till nytta. Det senare ar mest angelaget d£ ett tungt 
absorbatormaterial som hafnium anvands . 
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I figur 2c visas en utf oringsf orm av uppfinningen dar 
ursparingarna 17a, 17b, 17c i den ovre delen 15 av styrstaven 
successivt okar i bredd och absorbatorkanalerna 13a, 13b, 13c 
successivt minskar i langd ju narmare toppen av styrstaven 
5 som de ar anordnade. Fordelen med att absorbatorhalten 

successivt avtar mot toppen av styrstaven ar att detta ger en 
gradvis och mer ideal okning av belastningen p& 
branslekutsarna nar styrstaven dras ut Nackdelen med .denna. 
utf oringsf orm ar att den ar mer komplicerad att tillverka i 
10 jamforelse med de ovan namnda utf oringsf ormerna 

Figur 2d visar en styrstav 2 dar vart och ett av absorbator- 
bladen 6,8 ar forsett med ett stort antal kanaler 22, 23, 24 
som stracker sig i styrstavens langdriktning frAn nedre delen 
15 och upp mot ovre delen av styrstaven 2. Kanalerna 22, 23, 24 
ar fyllda med ett absorbatormaterial . Ett antal kanaler 22 ar 
anordnade i den yttre delen av de respektive absorbatorbladen 
6,8 och stracker sig utmed styrstavens aktiva langd. En eller 
flera kanaler 23, 24 ar anordnade narmast korscentrumet 10 

2 0 och ar kortare an kanalerna 22 i den yttre delen av de 

respektive absorbatorbladen. I den ovre delen 15 ar 
ursparingar 17a, 17b, 17c anordnade som ar bredare an de 
ursparingar 18 som ar anordnade i styrstavens nedre del 16. 
Kanalerna 23, 24 narmast korscentrumet 10 slutar nedanfor de 
25 bredare ursparingarna 17a, 17b, 17c och eventuellt ovanfor 

infastningen av kopplingsst&ngen 12. Absorbatorkanalerna 22, 
23 och 24 ar fortradesvis cirkularcylindriska till sin form 
och har alia samma diameter d. 

3 0 Styrstaven 2 enligt uppfinningen ar lamplig att anvandas som 

komplement till konventionella styrstavar . Styrstaven enligt 
uppfinningen ar sarskilt lamplig att* anvandas som reglerstav, 
for reglering av reaktoref f ekt och for 

utbranningskompensation, jamfor beskrivning under teknikens 
3 5 st&ndpunkt. Reglerstavarna ar under en stor del av 

driftcykeln inskjutna i harden. For att uppn& de ovan angivna 
fordelarna med uppfinningen jamfort med en konventionell 
styrstav, d v s minskad risk for bransleskador pd 
kapslingsroret , battre utnyttjande av bransle och langre 
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livslangd for styrstaven, kan det racka med ett fdtal 
styrstavar enligt uppf inningen, t ex 4, 8, 12 eller 16, 
beroende. .hardens storlek och satt att utnyttja - 
styrstavarna. En reaktors avstailningsmarginal , d v s den 
inbyggda underskottsreaktiviteten hps reaktorn som gor att 
den blir sakert avstalld> , f 6rsamras-av styrstavar som ar 
inskjutna i harden under drift. Di endast ett f&tal av 
styrstavarna i harden ar_av en typ enligt uppfinningen blir 
forsamringen av avstallningsmarginalen liten. 
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PATENTKRAV 

-, 1. Styrstav (2) for en kokarvattenreaktor innefattande fyra 
absorbatorblad (6,7,8,9) som bildar ett ratvinkligt kors med 
5 ett korscentrum (10) , dar absorbatorbladens bredd 
sammanf aller med styrstavens radiella riktning och 
absorbatorbladens. langd sammanfaller med styrstavens axiella 
riktning, och dar vart och ett av absorbatorbladen innef attar 
ett i langdriktnirigen fordelat absorbatormaterial , varvid ett 

10 medelvarde av mangden absorbatormaterial per langdenhet av 
styrstaven ar mindre i styrstavens ovre del an i dess nedre 
del, kannetecknad av att vardera absorbatorbladet i 
sin ovre del (15) innef attar en inre del anordnad radiellt 
innanfor en yttre del, dar den yttre delen ar forsedd med 

15 absorbatormaterialet medan den inre delen saknar absorbator- 
material, varvid namnda inre del i Atminstone n&got parti 
utgor minst en f jardedel av absorbatorbladets bredd. 

2. Styrstav enligt patentkrav 1, kannetecknad av att 

2 0 den ovre delens (15) langd utgor hogst en tredjedel av 

absorbatorbladets langd. 

3. Styrstav enligt patentkrav 1 eller 2, kannetecknad 
av att namnda inre del i Atminstone n&got parti utgor minst 

25 en tredjedel av absorbatorbladets bredd. 

4. Styrstav enligt n&got av fdreg&ende patentkrav, 
kannetecknad av att ett flertal ursparingar 

(17 , 17a, 17b, 17c, 18 ) ar anordnade i namnda inre del av 

3 0 absorbatorbladet . 

5. Styrstav enligt patentkrav 4/ kannetecknad av att 
flertalet av ursparingarna (17,18) ar anordnade langs med 
korscentrumet (10), varvid ursparingarna (17) i den ovre 

35 delen (15) ar bredare an dtminstone huvuddelen av 

ursparingarna (18) i absorbatorbladets nedre del (16) . 

6. Styrstav enligt n&got av foreg&ende patentkrav, 
kannetecknad av att absorbatorbladen innef attar ett 
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flertal radiellt anordnacie kanaler (13,14) i vilka 
absorbatormaterialet ar anordnat, varvid itminstone 
. huvuddelen-av -kanalerna (13) i den ovre delen (15) ar kortare 
an kanalerna (14) i den nedre delen (16) av absorbatorbladen . 

7. Styrstav 'enligt -patentkrav 6, kannetecknad av att 

kanalerna (13 , 14 T i den ovre delen (15) och den nedre delen 
(16) har en diameter (d) av vasentligen lika storlek. 

10 8. Styrstav einligt n&got av patentkraven 1-5, 

kannetecknad av att absorbatorbladen (6,7,8,9) 
innef attar ett flertal i forh^llande till styrstaven axiellt 
anordnade kanaler (22,23,24) i vilka absorbatormaterialet ar 
anordnat, varvid Atminstone huvuddelen av kanalerna (22) ar 

15 anordnade, radiellt utanfor en eller flera kanaler (23, 24) 
vilka ar anordnade narmast korscentrumet (10) . 

9. Styrstav enligt patentkrav 8, kannetecknad av att 
kanalerna (23,24) anordnade narmast korscentrumet (10) ar 

20 kortare an kanalerna (22) anordnade i den radiellt utanfor 
anordnade yttre delen av absorbatorbladen (6,7,8,9). 

10. Styrstav enligt patentkrav 9, kannetecknad av att 
kanalerna (23,24) anordnade narmast korscentrumet (10) och 

25 kanalerna (22) anordnade i den radiellt utanfor anordnade 

yttre delen av absorbatorbladen (6,7,8,9) har en diameter (d) 
av vasentligen lika storlek. 

11. Styrstav enligt n&got av foreg&ende patentkrav, 

30 kannetecknad av att absorbatormaterialet utgors av bor 
och/eller hafnium. 

12. Styrstav enligt n&got av foreg&ende patentkrav, 
kannetecknad av att absorbatormaterialet utgors av 

35 borkarbid och/eller haf niummetall . 
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SAMMANFATTNING 

Styrstav (2) for en kokarvattenreaktor innefattande fyra 
absorbatorblad (6,7,8,9) som bildar ett ratvinkligt kors med 
ett korscentrum (10) . Absorbatorbladens bredd sammanfaller 
med styrstavens radiella riktning och absorbatorbladens langd 
sammanfaller med styrstavens axiella riktning. Vart och ett 
av absorbatorbladen innefattar ett i lahgdriktningen fordelat 
absorbatormaterial, varvid ett medelvarde av mangden 
absorbatormaterial per langdenhet av styrstaven &r mindre i 
styrstavens ovre del an i dess nedre del . Vart och ett av 
absorbatorbladen innefattar i sin ovre del (15) en inre del 
anordnad radiellt innanfor en yttre del, dar den yttre delen 
ar f orsedd med absorbatormaterial medan den inre delen saknar 
absorbatormaterial, varvid nainnda inre del i itminstone n&got 
parti utgor minst en f jardedel av absorbatorbladets bredd. 
(Figur 2a) 
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Control rod 
TECHNICAL FIELD 

The present invention relates to a control rod for a boiling 
water reactor comprising four absorber blades forming an 
orthogonal cross. The absorber blades contain absorber 
.material distributed in the longitudinal direction, a mean 
value of the quantity of absorber material per unit of length 
of the control rod being smaller in the upper part of the 
control rod than in the lower part thereof. 

BACKGROUND ART 

A core in a boiling water reactor normally comprises 
several hundred fuel assemblies. These are arranged verti- 
cally in the core and have an at least substantially square 
cross section. Each fuel assembly comprises a bundle of fuel 
rods. In boiling water reactors, fuel bundles containing 8x8, 
9x9 or 10x10 fuel rods are often used. A fuel bundle is 
surrounded by a fuel channel . The fuel channel is open at 
both ends so as to allow the coolant of the reactor to flow 
through the fuel bundle. The core is immersed into water 
which serves both as coolant and as neutron moderator. Each 
fuel rod contains a large number of fuel pellets stacked on 
top of each other in a cladding tube. 

A nuclear reactor also comprises a plurality of control rods, 
the primary task of which is to start, control and shut off 
the power generation by being inserted into and extracted 
from the reactor core. In the boiling water reactor, the 
control rods are inserted into the core from below. With the 
aid of a drive, the control rod may be operated in different 
positions between a fully extracted and a fully inserted 
position in the core. Certain of the control rods are 
extracted from the core during operation, whereas others are 
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inserted to different levels. These levels vary during the 
operating cycle of the reactor. In the boiling water reactor, 
the control rods are composed of four vertically arranged 
elongated absorber blades, which together form an orthogonal 
cross. The absorber blades are generally of stainless steel 
and provided with a large number of bored holes or tubes 
filled with a neutron-absorbing material, for example boron 
carbide (B 4 C) or hafnium. The absorber material is usually 
uniformly distributed in both the axial and radial directions 
in the absorber blades . The active length of the control 
rods, that is, the length of that part of the control rod 
which contains the absorber material, corresponds to the 
active height of the reactor core when the control rods are 
fully inserted into the core. 

The fuel assemblies are arranged in a regular lattice, where 
each fuel assembly is included in two rows of fuel assemblies 
which are perpendicular to each other. The control rods are 
normally arranged with each one of their absorber blades 
between two fuel assemblies located in the same row, such 
that each control rod together with four fuel assemblies 
arranged around its blades form one unit. 

The control rods in the reactor are usually divided into two 
groups with different tasks. One group of control rods is, 
during normal operation, fully extracted from the core and 
used only for stopping and starting the reactor. The other 
group is used for controlling the reactor power and for 
burnup compensation during normal reactor operation. The 
control rods in the second group will hereinafter be referred 
to as controlling rods. These controlling rods normally 
constitute less than 10% of all the control rods. At the 
beginning of an operating cycle, the controlling rods are 
inserted. By an operating cycle is meant the time between two 
refuellings. To compensate for the burnup of the fuel, the 
controlling rods are successively extracted during the 
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operating cycle. The change of the positions of the con- 
trolling rods takes place at certain time intervals, for 
example once a week. The change may, for example, consist of 
the controlling rods being extracted about 8% of their 
5 lengths . 

Currently, conventional control rods are used, with the 
absorber material uniformly distributed in the absorber 
blades, in both groups of control rods. During the time when 

10 the controlling rods are inserted, those fuel pellets which 
are located adjacent to the absorber blades are protected 
from burnup of fissile material. This leads to a situation 
where, each time the controlling rod is extracted a certain 
distance, fuel pellets containing high contents of fissile 

15 material are exposed, resulting in a considerable increase in 
power in these fuel pellets. This local increase in power 
takes place very rapidly. Such stresses may in certain cases 
cause fuel failure, so-called PCI failure (PCI = pellet-clad 
interaction) , on the cladding tube surrounding the fuel 

20 pellets. The fuel rods which are located nearest the cruci- 
form centre of the controlling rod are particularly subjected 
to such stresses and hence run the greatest risk of fuel 
failure. The reason for this is that these fuel rods are 
protected against burnup of fissile material by two absorber 

2 5 blades. 

From US patent application No. 3 67 099, a control rod is 
known which in its upper part if arranged with a smaller 
percentage of absorber material per unit of length than the 
30 rest of the control rod. In this way, part of the fissile 

material is burnt up during the time when the control rod is 
fully inserted into the core and the power increase is not 
equally great when the controlling rod is extracted. A 
reduced power increase when the controlling rod is extracted 

3 5 is achieved by arranging a larger number of bored channels 

perpendicular to the longitudinal direction of the control 
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rod and filling them with a neutron-absorbing material, 
whereby the channels in the upper part of the control rod 
have a relatively smaller radius, whereby the length of the 
respective channel is considerably larger than its radius, 
5 whereas the other channels have a relatively larger radius. 

One disadvantage of the above-mentioned control rod is that 
the reduction of the power increase obtained when the control 
rod is extracted is not sufficiently great to eliminate the 
10 risk of fuel failure on the most exposed fuel rods, that is 
the fuel rods situated nearest the cruciform centre of the 
control rod. 

Another disadvantage is that the service life becomes shorter 
15 for the above-mentioned control rod than for conventional 

control rods. The service life of the absorber material, and 
hence the service life of the control rod, depend on the 
quantity of absorber material per unit of surface. For a 
cylindrical channel, the length of which is considerably 
20 larger than its radius, the service life of the absorber 
material is substantially influenced by its radius. A 
reduction of the diameters of the channels leads to a 
corresponding reduction of the service life of the control 
rod. 

25 

From US patent application No. 659 43 6, it is known to 
arrange a smaller quantity of absorber material in that part 
of the absorber blades which extends along the fuel rods 
located nearest to the cruciform centre. In their outer part, 

3 0 the blades are provided with a larger number of channels, 

filled with absorber material, which extend perpendicular to 
the longitudinal direction of the control rod. In one 
embodiment, that part of the absorber blades which is located 
inside the filled channels lacks absorber material. The 

35 control rod is provided with recesses, which extend across 
the fuel rod located nearest the cruciform centre. These 
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recesses are filled with moderator such that the consumption 
of fissile material in adjacent fuel rods increases. By- 
arranging the absorber material in this way, it is possible 
to considerably extend the duration of an operating cycle for 
a reactor. 

The disadvantage of using such a control rod as a controlling 
rod is that the risk of fuel failure admittedly has been 
reduced for the most exposed fuel rods, that is, those 
located nearest the cruciform centre, but the risk of fuel 
failure on the other fuel rods is unchanged compared with the 
risk of fuel failure when using conventional control rods. 

SUMMARY OF THE INVENTION 

The object of the invention is to achieve a control rod for a 
nuclear reactor which provides a reduced risk of fuel failure 
when, from an inserted position for a longer period of time, 
it is extracted from the reactor core in successive steps. 

What characterizes a control rod according to the invention 
will become clear from the appended claims. 

A control rod according to the invention has absorber blades 
which form an orthogonal cross with a central cruciform 
centre, the capacity of which to absorb neutrons varies both 
axially and radially. The capacity of the absorber blades to 
absorb neutrons is lower in their upper part than in their 
lower part. In the upper part of the absorber blades, the 
neutron absorption capacity is higher in its outer part than 
in its inner part which adjoins the cruciform centre. The 
control rod according to the invention leads to the power 
reduction for fuel pellets located adjacent to the upper part 
of the control rod becoming smaller in relation to fuel 
pellets which are not controlled with respect to fission 
velocity with the aid of control rods. Especially those fuel 
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pellets which are located nearest the cruciform centre of the 
control rod will have a lower power reduction than those fuel 
pellets which are not controlled with the aid of control 
rods. When the control rod is extracted somewhat, and the 
fuel pellets which have been protected by the upper part of 
the control rod are exposed, the power increase in these fuel 
pellets will be smaller than for prior art control rods, 
which is due to the fuel pellets already being burnt up to a 
certain extent . 

One advantage of a control rod according to the invention is 
that the risk of fuel failure on the cladding tube in connec- 
tion with the control rod being extracted is reduced. Another 
advantage is that the utilization of the fuel becomes more 
efficient. An additional advantage is that longer service 
lives of the control rods are made possible. 

In a control rod according to the invention, each one of the 
absorber blades comprises an upper and a lower part, the mean 
value of the contents of absorber material per unit of length 
of the control rod being smaller in the upper part of the 
control rod than in the lower part thereof. The upper part 
comprises an outer part provided with absorber material and 
an inner part which lacks absorber material and which is 
arranged radiallly inside the outer part. 

To achieve the advantages of the invention, at least some 
portion of the above-mentioned inner part should constitute 
at least one- fourth of the width of the absorber blade in the 
radial direction. In an especially advantageous embodiment, 
at least some portion of the above-mentioned inner part 
should constitute at least one-third of the width of the 
absorber blade in the radial direction. The area, in a 
section across the longitudinal direction of the control rod, 
of the above-mentioned inner part should be at least 25% of 
the area of the upper part. In an especially advantageous 
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assemblies 1, gaps 5a and 5b are formed which are traversed 
by water. The control rod 2 is inserted into the gaps 5a and 
5b and has four absorber blades 6, 7, 8, 9 which form an 
orthogonal cross. The cruciform centre of the control rod is 
designated 10. 

Figure 2a shows a vertical section through a control rod 2 
according to the invention. The control rod 2 is substan- 
tially made of stainless steel and comprises an absorber part 

, . , ^ v>w * vpri-.ir.al coupling bar 12. The 

11, wnicn is to uijjjwo. - ■ 

control rod 2 comprises an upper part 15 and a lower part 16. 
The length of the upper part constitutes at most one-third of 
the total length of the absorber part 11. Two of the four 
absorber blades 6 and 8 are visible in Figure 2a. Each one of 
the absorber blades 6, 8 is provided with a large number of 
bored channels 13, 14 extending perpendicularly to the longi- 
tudinal direction of the control rod 2, from the outer edge 
of the absorber blade 6, 8 and towards the cruciform centre 
10 Each channel 13, 14 is filled with an absorber material, 
for example natural or enriched boron carbide and/or metallic 
hafnium, gadolinium or erbium, and is hermetically sealed 
outwards by means of, for example, welding. In the following, 
these channels will be referred. to as absorber channels. The 
absorber channels 13 which are arranged in the upper part 15 
of the absorber blades are considerably shorter than the 
absorber channels 14 which are arranged in the lower part 16 
of the absorber blades . The absorber channels 13 are arranged 
in an outer part, disposed radially outside an inner part, of 
the upper part 15 of the absorber blade. The absorber 
channels 13 each have a length which is at least 30% shorter 
than the length of one of the absorber channels 14 in the 
lower part 16. 

The absorber channels 13, 14 in the upper part 15 and in the 
lower part 16 of the absorber blades, respectively, are 
preferably circularly cylindrical in shape and all have the 
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same diameters d. To obtain a maximum service life, the 
diameters d of the absorber channels 13, 14 should be the 
largest possible taking into consideration the thickness of 
the material of the absorber blades. The service life of the 
5 absorber material depends on the quantity of absorber 

material per unit of surface, described under the background 
art above. On the other hand, a halving of the length of the 
absorber channel with a retained diameter d only has a margi- 
nal effect on the service life. In this way, the service life 
10 of the control rod is retained in spite of the fact that the 
percentage of absorber material is reduced in its upper part. 

That part of the absorber material which is located inside 
the absorber channels 13, 14 is provided with recesses 17, 18 

15 in the form of through-holes. In the upper part 15 of the 
control rod, the recesses 17 are considerably wider in the 
radial direction than the recesses 18 in the lower part 16 of 
the control rod. All the recesses have the same extent in the 
axial direction. It is their respective radial extent that 

20 varies. The recesses 17 in the upper part 15 are equally 

large. When the control rod 2 is inserted into the core, the 
recesses 17, 18 are filled with moderator, whereby the burnup 
- due to the good moderation - increases further for the fuel 
pellets which are to be exposed the next time the control rod 

25 2 is to be extracted somewhat. For guiding the control rod 2 
in the relatively narrow gaps 5a, 5b between the fuel assem- 
blies 1, it is provided on top with guide pads 19 in the form 
of bulges extending outwards from the blade. In addition, the 
control rod 2 is provided with a handle 2 0 for handling the 

3 0 control rod during installation and replacement. 

The only thing that distinguishes the control rod 2 in Figure 
2b from that in Figure 2a is that in the lower part 16, in 
the vicinity of the coupling bar 12, a recess 21 is arranged 
3 5 which is considerably wider in the radial direction than the 
other recesses 18 in the lower part 16 and the absorber 
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channels 14 which have been made correspondingly shorter. One 
advantage of this embodiment is that a certain increased 
burnup of the fuel rods 3 nearest the cruciform centre 10 of 
the control rod 2 is achieved as long as the control rod 2 is 
5 fully inserted. Another advantage of this embodiment is that 
the need of reactivity control in the area around the recess 

21 decreases since the core normally has a blanket ion, that 
is, a region with uranium with low enrichment, at the bottom. 
An additional advantage with this embodiment is that the 
saved weight of the control rod 2 may be used for placing 
more absorber material in a part of the control rod 2 where 
it is better utilized. The latter is of more importance when 
a heavy absorber material, such as hafnium, is used. 

Figure 2c shows an embodiment of the invention where the 
recesses 17a, 17b, 17c in the upper part 15 of the control 
rod successively increase in width and the absorber channels 
13a, 13b, 13c successively decrease in length the closer to 
the top of the control rod that they are arranged. The 
advantage of the absorber content successively decreasing 
towards the top of the control rod is that this gives a 
gradual and more ideal increase of the load on the fuel 
pellets when the control rod is extracted. The disadvantage 
of this embodiment is that it is more complicated to manu- 
facture in comparison with the embodiments mentioned above. 

Figure 2d shows a control rod 2 where each one of the 
absorber blades 6, 8 is provided with a large number of 
channels 22, 23, 24 extending in the longitudinal direction 
30 of the control rod from the lower part and up towards the 

upper part of the control rod 2. The cooling channels 22, 23, 
24 are filled with an absorber material. A number of channels 

22 are arranged in the outer part of the respective absorber 
blades 6, 8 and extend along the active length of the control 

35 rod. One or more channels 23, 24 are arranged nearest the 

cruciform centre 10 and are shorter than the channels 22 in 
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the outer part of the respective absorber blades. In the 
upper part 15, recesses 17a, 17b, 17c are arranged which are 
wider than the recesses 18 which are arranged in the lower 
part 16 of the control rod. The channels. 23, 24 nearest the 
cruciform centre 10 terminate below the wider recesses 17a, 
17b, 17c and possibly above the attachment of the coupling 
bar 12. The absorber channels 22, 23 and 24 are preferably 
circularly cylindrical in shape and all have the same 
diameter d. 

The control rod 2 according to the invention is suitable to 
use as a complement to conventional control rods. The control 
rod according to the invention is especially suitable to use 
as a controlling rod, for control of reactor power and for 
burnup compensation (cf . the description under the background 
art) . During a considerable part of the operating cycle, the 
controlling rods are inserted into the core. To attain the 
above-mentioned advantages of the invention compared with a 
conventional control rod, that is, reduced risk of fuel 
failure on the cladding tube, better utilization of fuel and 
longer service life of the control rod, it may be sufficient 
with a small number of control rods according to the inven- 
tion, for example 4, 8, 12 or 16,. depending on the size of 
the core and the manner of utilizing the control rods. The 
shutdown margin of a reactor, that is, the inherent negative 
reactivity of the reactor which causes it to be safely shut 
down, is deteriorated by control rods which are inserted into 
the core during operation. Since only a small number of the 
control rods in the core are of a type according to the 
invention, the deterioration of the shutdown margin becomes 
small . 
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CLAIMS 

1. A control rod (2) for a boiling water reactor comprising 
four absorber blades (6, 7, 8, 9) forming an orthogonal cross 
with a cruciform centre (10), where the width of the absorber 
blades coincides with the radial direction of the control rod 
and the length of the absorber blades coincides with the 
axial direction of the control rod, and wherein each one of 
the absorber blades comprises an absorber material distri- 
buted in the longitudinal direction, whereby a mean value of 
the quantity of absorber material per unit of length of the 
control rod is smaller in the upper part of the control rod 
than in the lower part thereof, characterized in that each 
absorber blade in its upper part (15) comprises an inner part 
arranged radically inside an outer part, where the outer part 
is provided with the absorber material whereas the inner part 
lacks absorber material, whereby said inner part, in at least 
some portion, constitutes at least one-fourth of the width of 
the absorber blade. 

2. A control rod according to claim 1, characterized in that 
the length of the upper part (15) constitutes at most one- 
third of the length of the absorber blade. 

3. A control rod according to claim 1 or 2 , characterized in 
that said inner part in at least some portion constitutes at 
least one- third of the width of the absorber blade. 

4. A control rod according to any of the preceding claims, 
characterized in that a plurality of recesses (17, 17a, 17b, 
17c, 18) are arranged in said inner part of the absorber 
blade . 

5. A control rod according to claim 4, characterized in that 
a plurality of the recesses (17, 18) are arranged along the 
cruciform centre (10), whereby the recesses (17) in the 
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upper part (15) are wider than at least the majority of the 
recesses (18) in the lower part (16) of the absorber blade. 

6. A control rod according to any of the preceding claims, 
characterized in that the absorber blades comprise a 
plurality of radially arranged channels (13, 14) in which 
the absorber material is arranged, whereby at least the 
majority of the channels (13) in the upper part (15) are 
shorter than the channels (14) in the lower part (16) of the 
absorber blades . 

7. A control rod according to claim 6, characterized in that 
the channels (13, 14) in the upper part (15) and the lower 
part (16) have a diameter (d) of essentially equal size. 

8. A control rod according to any of claims 1-5, 
characterized in that the absorber blades (6, 7, 8, 9) 
comprise a plurality of channels (22, 23, 24), arranged 
axially in relation to the control rod, in which the 
absorber material is arranged, whereby at least the majority 
of the channels (22) are arranged radially outside one or 
more channels (23, 24) which are arranged nearest the 
cruciform centre (10) . 

9. A control rod according to claim 8, characterized in that 
the channels (23, 24) arranged nearest the cruciform centre 
(10) are shorter than the channels (22) arranged in outer 
part of the absorber blades (6, 7, 8, 9), arranged radially 
outside said cruciform centre. 

10. A control rod according to claim 9, characterized in 
that the channels (23, 24) arranged nearest the cruciform 
centre (10) and the channels (22) arranged in the outer part 
of the absorber blades (6, 7, 8, 9), arranged radially 
outside said cruciform centre, have a diameter (d) of 
essentially equal size. 
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11. A control rod according to any of the preceding claims, 
characterized in that the absorber material consists of 
boron and/or hafnium. 

12. A control rod according to any of the preceding claims, 
characterized in that the absorber material consists of 
boron carbide and/or hafnium metal. 
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